Large-Volume Neutron Counters with Subnanosecond Time Dispersions by Madey, R. et al.
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Tn order  t o  achieve an energy r e so lu t ion .o f  t h e  t he  NE-102 p l a s t i c  s c i n t i l l a t o r  and the  length  of t h e  
order  of a  few hundred keV f o r  neutrons of about 100 tapered a c r y l i c - p l a s t i c  l ight -p ipe  which is at tached 
MeV, we expect t o  u t i l i z e  f l i g h t  paths of 100 m and t o  each end of t h e  long dimension of t he  s c i n t i l l a t o r .  
possibly longer.  The longer f l i g h t  pa ths  r equ i r e  An Amperex XP2041 5 i n .  diam. photomul t ip l ie r  tube 
larger-volume neutron counters with subnanosecond is  coupled t o  each l i g h t  pipe.  
time d ispers ions  i n  order t o  achieve t h e  b e t t e r  energy The mean- t iming technique ' ' 2, i s  used t o  achieve 
r e so lu t ion  without s i g n i f i c a n t  l o s s  of counting r a t e .  subnanosecond time d ispers ions  with these  large-volume 
I n  a  measurement of a  neutron f l i g h t  time t ,  the  counters.  The anode s i g n a l  from each photomul t ip l ie r  
f r a c t i o n a l  energy r e so lu t ion  AT/T is  feeds a  cons tant - f rac t ion  timing d iscr iminator .  The 
d iscr iminator  outputs  serve  a s  inputs  t o  a  mean-timer 
AT - (T + M)(T + 2M) [$  
+ _  
- -  
T + -  
~2 t module which was designed and constructed i n  our labora- 
tory .  The mean4imer generates an output  pulse  a t  a  
Here M is  t h e  neutron r e s t  mass, x  is the  uncer ta in ty  
time equal  t o  t h e  mean time of a r r i v a l  of t h e  two input  
i n  t h e  neutron f l i g h t  path x  a r i s i n g  from the  f i n i t e  
pulses  p lus  a  cons tant  propagation time through the  
dimensions of t he  counter ,  t b  is  t h e  Gaussian- 
network. The mean time of a r r i v a l  of t he  input  t r i g g e r  
quadrature combination of t he  beam burst-width and 
s i g n a l s  is r e l a t e d  t o  t h e  average of t h e  photon t r a n s i t  
t he  beam phase-drif t ,  and tc i s  the  i n t r i n s i c  time 
times from t h e  s c i n t i l l a t i o n  event t o  t he  photomulti- 
d ispers ion  of t h e  counter .  Equation (1) can be re-  
p l i e r s  a t  each end of t he  long s c i n t i l l a t o r .  The mean 
expressed a s  
de tec t ion  t i m e  is independent of t h e  pos i t i on  of t he  
AT - (T + M) (T + 2M) 
- -  
2 ' ( 2 ) s c i n t i l l a t i o n  event across  t h e  long dimension of t he  
T ~2 
s c i n t i l l a t o r .  
where v  is the  speed of t h e  neutron. I n  Eq. (Z), t he  
square-root f a c t o r  corresponds t o  t h e  observed time- 
- 
width of a  peak i n  a t ime-of-f l ight  spectrum. For a  
f ixed  o v e r a l l  time r e so lu t ion ,  t he  energy r e so lu t ion  
improves l i n e a r l y  with an increase  i n  t h e  f l i g h t  path;  
f o r  example, doubling t h e  f l i g h t  pa th  c u t s  t he  energy 
r e so lu t ion  i n  h a l f .  Larger counters a r e  needed t o  
compensate f o r  t h e  l o s s  i n  s o l i d  angle  a s  t h e  f l i g h t  
pa th  is increased.  
We r epo r t  here  progress i n  t he  cons t ruc t ion  and 
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t e x t i n g  of success ive ly  l a r g e r  NE-102 p l a s t i c  scin-  
EQUIVALENT-ELECTRON ENERGY (MeV)  
t i l l a t i o n  counters with subnanosecond time d ispers ions .  Fi.qu.re 1. Cosmic-ray pulse-height spectrwn i n  a ZO in .  x 
40 in .  x 4 in .  NE-202 counter i n  coincidence with another 
I n  Table 1 ,  we l i s t  f o r  each counter t h e  dimensions of identical counter placed on top. The 4 in .  dimension i s  
i n  the vertical direction. 
We deduced t h e  i n t r i n s i c  time d i spe r s ion  of each 
of t he se  counters from measurements wi th  cosmic rays .  
With one counter  placed d i r e c t l y  above another,  we 
measured coincidences with cosmic rays  passing through 
the  4 i n .  dimension of each s c i n t i l l a t o r .  The thresh- 
o ld  of each counter  was 6 MeV equivalent-electron 
energy, which is about one-third t he  energy corres-  
ponding t o  t h e  peak i n  t he  cosmic-ray pulse-height 
spectrum. Figure 1 is  a t y p i c a l  pulse-height spectrum 
from cosmic rays.  The peak corresponds t o  t h e  most 
probable energy deposited i n  4 inches of s c i n t i l l a t o r  
by ene rge t i c  muons. 3, With two 10  i n .  x 40 in .  x 4 i n .  
counters i n  coincidence, we measured a time r e so lu t ion  
of 435 f 10  ps  (fwhm) and unfolded an i n t r i n s i c  reso- 
l u t i o n  of 308 f 7 ps  (fwhm) f o r  each 10  i n .  x 40 in .  x 
4 i n .  counter .  With a 10  i n .  x 40 in .  x 4 i n .  counter  
i n  coincidence wi th  a 5 i n .  x 40 i n .  x 4 i n .  counter ,  
we measured a time r e so lu t ion  of  456 f 8 ps  (fwhm) 
and unfolded an i n t r i n s i c  t i m e  r e so lu t ion  of 334 + 1 3  
ps (fwhm) f o r  a 5 i n .  x 40 in .  x 4 i n .  counter .  The 
t h i r d  column i n  Table 1 lists t h e  time d ispers ion  
observed wi th  each counter  i n  coincidence wi th  a 10  
i n .  x 40 in .  x 4 i n .  con t ro l  counter .  W e  deduced 
quadrature unfolding t h e  assumed con t r ibu t ion  of t he  
10 i n .  x 40 i n .  x 4 i n .  con t ro l  counter  from t h e  ob- 
served d ispers ion .  The r e s u l t s  a r e  l i s t e d  i n  t he  
fou r th  column of Table 1.  
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t he  i n t r i n s i c  d i spe r s ion  of each t e s t  counter  by 
Table 1 
S c i n t i l l a t o r  Dimensions, Light-Pipe Length, and I n t r i n s i c  Time Dispersion 
of Large-Volume Neutron Counters 
Observed Dispersion 
S c i n t i l l a t o r  Length of wi th  a 10 in. x 40 in .  x 4 i n .  I n t r i n s i c  (fwhm) 
Dimens ions  Light Pipe Control Counter Dispersion 
( inches)  (inches ) (picoseconds) (picoseconds) 
